Di#erences in the aromas of steamed green teas are due to the cultivars, the climate and the production process. We compare the volatile compounds found in steamed green tea of the same cultivar (cv. Yabukita (Camellia sinensis var. sinensis)) but produced in di#erent places (Saitama, Shizuoka, Mie, Nara, Kyoto, Saga and Miyazaki prefectures). A total of 1/ volatile compounds were identified by GC and GC/MS. The results showed observed di#erences in the quantities of these compounds. Principal component analysis (PCA) was performed for the GC data to investigate the relationship between green teas from di#erent places. Each green tea was found to contain certain characteristic compounds.
Introduction
Green tea is classified, according to its production method, into steamed green tea and pan-fired green tea. Steamed green tea is the most popular beverage in Japan, representing ῍2/ῌ of the total production of green tea. Its great popularity may be due to many factors, but one reason is its characteristic and complex odor (Kobayashi, +33/ ; Shimoda et al., +33/a ; Nijssen et al., +330 ; Kumazawa and Masuda, +333). These days, consumers overall desire a wide variety of green teas and each individual generally drinks a particular kind suited to their tastes. Shigematsu et al. ; +33+ and Shimoda et al., +33/b have reported the relationship between volatile compounds and sensory evaluations among di#erent grades of tea. Reports have also described the di#erent cultivars of green tea (Kosuge et al., +312 ; Anan et al., Hara et al., Nakamura,  +333 ; Takeo, +330 ; Kinugasa et al., +331 ; Takeo, ,*** ; Yamaguchi, ,***). However, a comparison of volatile compounds in the same cultivars produced in di#erent places has not yet been reported. Actually, since more than 10 percent of commercial green tea comes from the "Yabukita" cultivar, the main cause of the di#erent aromas among infusions must be related to the cultivation and production.
In this study, we focused on seven kinds of steamed green tea, Sayama-cha, Makinohara-cha, Suzuka-cha, Wazuka-cha, Tsukigase-cha, Ureshino-cha, and Miyakonojocha, which are the most common cultivars of Japanese green tea (cv. Yabukita (Camellia sinensis var. sinensis)), and studied the di#erences in quantities of volatile compounds.
Materials and Methods
Japanese green tea Green tea products of high grade, based on market price, were used from teas produced in di#erent prefectures in ,**,. The green teas used in this report are shown in Table + .
Steam distillation Deionized hot water (TORAY-PURE LV-+*T (TORAY, Tokyo), 0*῎, + L) was added to 0* g of each kind of green tea, and the leaves were filtered using a coarse filter paper after standing for / min. The filtrate (1** mL) was immediately cooled to about -*῎ in tap water, and steam distillation was performed under reduced pressure (.*῎, ,* mmHg). The steam distillate (/** mL) was passed through a column packed with +* g of Porapak Q (Waters Corp., Milford, MA). Adsorbed compounds were eluted with diethyl ether (/* mL), the eluate was dried over anhydrous magnesium sulfate, and the solvent was removed by rotary evaporation to about , mL. The sample was further concentrated under a nitrogen stream to about +* mL. (total : -L of deionized water was added to +2* g of Japanese green tea)
GC and GC/MS GC analysis was performed with an Agilent 023* gas chromatograph (Agilent : -3/ Page Mill Road, Palo Alto CA). The column was a -* mῌ*.,/ mm i.d. TC-Wax, fused silica capillary column with a film thickness of *.,/ mm (GL-Sciences). The column temperature was programmed from 0* to ,/*῎ at a rate of /῎/ min in all runs. The injector and FID temperatures were ,/*῎ and ,2*῎, respectively. The flow rate of the helium carrier gas was + mL/min, and the split ratio was + : +**. GC/MS analysis was performed with an Agilent 023* gas chromatograph coupled with an Agilent Model /31-series mass spectrometer. The column, oven, injector, carrier gas, and split ratio conditions were as for the GC analysis. The mass spectrometer was used under the following conditions : ionization voltage, 1* eV ; ion source temperature, +/*῎.
Identification of Components The GC Kovats index and MS fragmentation pattern of each component were E-mail : shoji_hattori@soda.toray.co.jp Food Sci. Technol. Res., ++ (+), 2,ῌ20, ,**/ compared to those of the authentic compound.
Statistical Analysis All statistical analysis was done using SPSS version ++./ (SPSS Japan Inc., Tokyo, Japan). Volatile compounds from GC data were analyzed using principal component analysis (PCA).
Results and Discussion
Each infusion of Japanese green tea had a characteristic aroma. The compounds causing this characteristic aroma were separated by steam distillation under reduced pressure, and the steam distillate was concentrated by the adsorptive column method. The compounds were identified by comparing their Kovats indices and mass spectra with the retention indices and mass spectra of the authentic compounds. The identified compounds and relative quantities of each compound were calculated from peak area percentages on the gas chromatograms and are shown in Table , . A total of 1/ compounds were identified by steam distillation under reduced pressure, including +2 alcohols, +* aldehydes, -esters, ++ ketones, +, nitrogenous compounds, +* acids, 0 lactones, , phenols, + furan, + furanone and + pyranone. Some di#erences were observed in the quantities of each compound in the di#erent teas. The total concentration of alcohols in Ureshino-cha was only half that in Miyakonojo-cha. Aldehydes were found at higher concentrations in Sayamacha, Suzuka-cha and Tsukigase-cha. The total concentration of ketones was comparatively low in Makinoharacha. The total concentration of nitrogenous compounds was at higher levels in Ureshino-cha. The total concentration of acids in Ureshino-cha was only one quarter that in other teas. The total concentration of lactones was higher in Tsukigase-cha, Suzuka-cha and Miyakonojocha, which are produced at high altitudes.
Furthermore, we performed PCA on the GC data to investigate the relationships between the green teas. Figure + shows a biplot of the first and second PC scores (//.-.ῌ of the total variance explained) of the 1 samples, and the factor loadings of the 1/ compounds. Wazukacha was plotted near the origin. It contained almost all of the 1/ compounds on average. Makinohara-cha and Miyakonojo-cha contained higher amounts of hexanol, ,-ethylhexanol, trans-linalool oxide (pyranoid), cis-linalool oxide (pyranoid), geraniol, safranal, benzyl salicylate and +-ethyl-,-formylpyrrole. Suzuka-cha contained more aionone and bovolide. These compounds are known to contribute to the characteristic odor of Kabusecha, which is made from tea leaves grown in the shade (Kawakami and Yamanishi, +32+) . Tsukigase-cha contained more +-penten---ol and linalool. These compounds exist in the green leaves before processing but are known to decrease after steaming (Yamaguchi et al., +331) . ,-Methylpyrazine, ,,/-dimethylpyrazine, ,-ethylpyrazine, ,-ethyl-/-methylpyrazine, trimethylpyrazine, ,-ethyl--,/-dimethylpyrazine, ,-acetylpyrrole and ,-formylpyrrole were found in higher quantities in Sayama-cha. These compounds are known to result from heating of amino acids and sugars, and in combination contribute to the roasted and pan-fired aroma of Japanese Hoji-cha and Kamairi-cha (Hara and Kubota, +32, ; Kawakami and Kobayashi, +33+ ; Kawakami and Yamanishi, +333). Maltol and furaneol were found in higher quantities in Ureshino-cha. In a recent report (Hattori et al. , ,**-) using the OASIS method, we show that indole has the e#ect of strengthening the overall green tea aroma. Indole was plotted near the origin. Indole is a common volatile compound in teas and it may have the e#ect of strengthening the overall aroma in the 1 green teas.
In this investigation, we focused on seven kinds of steamed green tea (Sayama-cha, Makinohara-cha, Suzukacha, Wazuka-cha, Tsukigase-cha, Ureshino-cha and Miyakonojo-cha). Di#erences in the aroma of the infusions were reflected by di#erences in the total amounts of functional groups. PCA was performed to determine the characteristic compounds of the individual green teas. The results did not highlight any di#erences in the quantity of characteristic compounds in each green tea.
